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PASSIVE SOLAR ECONOMICS IN 15 NORTHWEST LOCATIONS

Christina Kirschner and Shaul Ben-David
The University of New Mexico
Albuquerque, New Mexico 87131

ABSTRACT

The ecoromic performance of Trombe wail and direct gain
passive solar heating designs are evaluated using the
LASL/UNM solar economic performance code. Both designs

are integrated into a ranch style tract home concept there-
by facilitating intra-regional comparison. The economic
performance of these systems is evaluated for 15 sites in
the Northwest region. Space heating loads have been locally
specified. System sizes have been optimized against the
natural gas and electric resistance heating alternatives,
the current price and future escalation of which is estab-
lished for each locale. Sensitivity analysis is conducted
to determine the maximum competitive add-on costs for each
system under a specified set of energy price, solar per-
formance and economic conditions.

INTRODUCTION

As the interest in passive solar energy heating grows, SO
does the need for consistent economic and technical analysis
of alternative designs in order to evaluate their relative
cost competitiveness. This paper builds on and expands work
reported previously [1,2], focusing on the Northwest. Twc
generic passive systems--Trombe wall and direct gain--are
assessed against the backdrop of locally specified home
heating loads and energy prices., Results are reported for
15 sites in Washington, Oregon and ldaho.

In the following section we review the methodology. This
includes design and performance assumptions, incremental
costs, energy futures, optimization and life cycle costing.
The third section contains descriptions of selected inputs,
including home heating loads, collector area calculations,
solar costs, fuel prices and economic assumptions. Maps

and tables are used to display some of the input Jata. Sec-
tion 4 contains an evaluation »f total and variable costs
goals--the highest economically feasible system cost. The
last section ccmpares the costs and benefits of the Trombe
wall system to those of the direct gain system, Both natural
gas and electric resistance comparisons are given for the
region.

METHODOLOGY

Six basic steps are employed in our regional evaluation of
solar economic performance. These are (a)the designation
of the residence design, (b)the specification of home heat-
irg loads, (c)the specification of annual thermal perfor-
mance of the passive designs, (d)calculation of solar add-
on costs, (e)specification of conventional energy prices
and futures by locale, (f)determination of economic com-
petitiveness of the designs, A more thorough discussion

of methodology can be found in [1,2].

The single family residence is of TEA design [3]: a one-
story slab on grade structure with 1536 ft< of 1living
space. Space heating loads are computed b, locale based
on site specific building heat loss factors and annual
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average heating degree days. The National Conference of
States ¢n Building Couas and Standards (NCSBCS) model code
has been used for this purpose [9]. Map 1 shows the heat
loss factors used for the 15 locations.

MAP 1
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CALCULATED HEATINU LOADS
degree days x btu/sq ft/dd
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Results from modified solar-load ratic correlation pro-
cedures calculated by the LASL Q-11 Solar Energy Grour [7]
are used to estima%e solar performance [5] of each design.
A glazing area (ftc) requirement for each desired level of
solar fraction by logale is derived by dividing the
LOAD/AREA (Btu/DD/ftc) ratio from the simplified perfor-
mance tables into the previously calcuiated home heating
LOAD (Btu/DD for all surfaces other than glazing area).
Maps 2 and 3 show collector area requirements fcr the dire
gain with night tnsulation system (DGNI) and Trombe wall
with night insuiation system (TWNI) respectively for 30.
solar contribution.

90+

With the glazing area-solar contribution relationship esta
1ished we are able to optimally-size the passive designs
under a stated set of economic and alternative fuel con-
ditions. The optimization presented here is done assum-
ing an add-on cost of $16/ft2 of glazing area [3]. Al
other economic assumptions are shown in Table 1,

Fuel prices (base year 1978) were gathered for a large
number of cities [7,8]). Where information was missing
or inadequate for our purposes, a surrogate city was chose
and that city's fuel prices used. The base year prices ha
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been cscalated using National Energy Act (NEA) assumptions,
Table 2 shows 1979 and 1990 fuel prices for natural gas and
electric resistance.

MAP 2
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COLLECTOR AREA REQUIREMENTS
DIRECT GAIN WITH NIGHT INSULATION
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SOLAR 79 NORTHWEST
COLLECTOl. AREA REQU!REMENTS
TROMBE WALL WITH NIGHT INSULATION
30 percent fraction
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COST GOALS

The cnst goals approach attempts to identify the maximum
cost (variable or total) at which the system is feasible.
Put simply, 1f the annualized cost of the system is just
equal to the annualized cost of the fuel being replaced by
the solar contribution, the consumer breaks even, This
breakeven cost is the maximum one could pay and still call
the system feasible. Table 3 identifies this maximum vari-
able cost for two system types (TWNI and DGNI), for two
fuel alternatives (natural gas and electric resistance) at
three levels of solar contribution (15%, 30% and 45%).

Maps 4 through 7 show the maximum allowable total solar cost

at 30% solar contribution for DGNI and TWNI systems.

MAP 4

SOLAR 79 NORTHWEST
MAXIMUM SOLAR COSTS
TROMBE WALL WITH NIGHY INSULATION
0 perceni {roclion
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MAP §

SOLAR 79 NORTHWEST
MAXIMUM SOLAR COSTS
TROMBE WALL WITH NIGHT INSULATION
30 percent fraction
FUEL 1S ELECTRIC RES!STANCE

DOLLARS
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COSTS AND BENEFITS OF ALTERNATIVE SYSTEMS

In the economic performance evaluation we employ a varian
of Yife cycle cost analysis [1, 2, 6]. We evaluate a hom
heating system that includes a solar component providing

from 5 to 95 percent of the required heat. The net prese
value (NPV) of the solar component {discounted present va
of solar system benefits minus solar system costs) over t
system life is maximized. This is exactly equivalent to

minimizing the delivered cost of heat over the lifetime o
the system. Simple payback is defined as the number of

years 1t takes for the savings on fuel costs attributable
to the sol1- " system to equal the cost of the system., Tab



4 and 5 give results of a comparison between TWNI and DGNI
systems for natural gas and electric resistance, respectively.

CONCLUSIONS

-The economic analysis is very sensitive to the cost of the
alternative fuel. Our analysis can only benefit from up-
dated fuel cost information.

+Trombe wall and direct gain passive solar designs (with a
night insulation option) can compete economically today
against electric resistance in most locations. They cannot
compete where the price of electric resistance is less than
2.25 cents per kwh.

+TWN] and DGNI can compete against natural gas in most lo-
cations. They cannot compete where gas is very cheap.

+The direct gain system seems to perform somewhat better
than the Trombe wall when NPV is used as a criteria.

«Feasibility of either system is more sensitive to solar
add-on costs in the natural gas alternative than in the
electric resistance alternative.
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SUMMARY OF ASSUMPTIONS USED IN ECONOMIC PERFQRMANCE ANALYSIS

Regional Sites

Solar Systems
Configuration

Energy Futures

Energy Conversion

15 SOLMET cities

Trombe ws!l 1s 18 inches thick 1], Direct
gain is for the syrface area to mass ratio as
Trombe wall i.e., 1.5 ft2 of storage mass for

every fti of glass (2].

Constant escalation rytes for all locales in
redl teims) natural gas =4, electricity ® 2%

Adjustment to account for losses; natural gas =

Efficiency 75%, electric resistance = 100%
Economic variable - (adJusted for inflation where necessary)
values Time Period of Analysis 1979
Solar System Liftime 30 years
Inflation Rate 6%
Interest Rate (Real) — 3.5%
Mortgage Rate (Nominal, 9.5%
Discount Rate (Nominal, 9.5%
Income Tax Bracket 30%
(Deguction)
Property Tax Solar add-or casts
exclyoeo
Operating & Maintenance 1% of Solar add-or
costs (annually
Down Payment 20% of Sotar ada-or
add-on costs
Resale Value (Recr/ered C
at end of Sol.r life-
time).
TABLE 2
FUEL PRICES
Clty/State Naturs! Gos [lectric Resistance
1979 1990 1979¢ 1990
IAL TR Y SRR AT TORR VI S SRR R VAL T YT VAT L YR
Botse. ldano 1.9% 1.0 N 2.3 9.8 3. 2.1) 5.
Lewiston, ldaho 1.9% 1.4 §. 7 2.68 5.58 t.87 13,18 3
Focatello, 1daho 1.9% 1.4 &n 2.68 9.38 3 21 5
Astoris, Oregon 1.0 [ AH 20.7% 9.72 .5 3.2 2.5%8 6.
Surns. Oregon 1.0 $.12 20.7% 9. 9.4 3¢ 22.28 6.
Medford, Oregun 5.3 1.85 15.79 1.% 2.5 J.20 22.58 6.
North Send, Oregon 1.0 $.12 26.7% 9.1 9.5 120 22 .58 6.
Pendetton, Oregon [ 34 4.8 18.92 7.9) 9.87 3.2 22.58 6.
Portiand, Orwgon 1.0 §.12 20.7% N 9.5 e 2N 6.
Redmond, Oregon .79 4.0 16.92 1.9 9.5 3.20 22.%8 6
Saiem, Oregon 1.0 $.12 20.7% .72 9. I 22.43 €,
Olympia, Washington 6.19 4.48 18.08 8.4 7.2¢ 2.43 v 4.
Seattie-Tacoms, waph. $.19 4.46 18.08 [ X} 5.10 whn 1004 3.
Spokane, Mashington [R/] ). 13.92 6.52 sn 1.92 13,33 3.
Yekima, Washington | 11 14 4.09 16.58 nLn 7.00 2.3 16.52 4.

*1978 Bare Prices, Escalated



Teble 4 (Continsed)

TABLE 3
Horth Band, Iregos 50 3 5101 1439 12
UPPER LIMIT OF VAFIABLE COST FOR ECONOMIC FEASIBILITY 8Y SOLAR FRACTJON %"} ‘as zég 3193 1855 1
Pand
City/State Nstural Gas T Electric Resistance endlaton, O"mx NF NF NF NF NF
.15 .30 .45 .15 .30 .45 DGNI 10 68 1087 42 13
Portland, Qre
Boise. Idaho mriand. oo 18 109 1242 282 12
W] $595 $5.41 $4.76! $21.61 $19.68 $17.30 0GNL 18 100 1621 436 ]
DGN] 6.40 .66 4.88 | 23.25 20.57 12.75
Reasond, Gregon
Lewiston, ldaho TWNI .25 178 2847 570 12
TN 4.96 4.38 3.88 10.71 9.47 8.19 DN .30 206 1298 805 12
DGN] 5.22 4.53 3.88| M.29 9.80 8.39
Sal Ore
Pocate)la, Idaho vien, O 8 107 1709 47 12
TWI 6.3 5.86 §.32, 22.93 2.3 19.33 DGNT 15 99 1581 509 12
DGNI 6.65 6.06 §.32| 2419 22.03 19.33
Olympia, Washington
Astoria, Oregon i ot .10 76 1211 6C 13
TWN] 19.06  18.12 16.50 | 19.47 18.50 16.85 DGNT 10 70 n27 168 12
DGNI 23,94 21,37 19.17 ! 20.98 19.60 17.68
Seattle-T , Washingron
Burns. Oregon 'cmmf' nex .10 70 1126 98 13
TWN] 22,66 20.64 1B8.62 | 22.83 20.80 1B.76 DEN] R 101 1624 217 13
DGN] 23.9¢ 21,37 1917 24,13 21.54 19,32
, Washi
Medford, Oragon Spokane. Va3 m(xm NF NF NF NF NF
TWNI 13,81 12.30  10.98 | 1&.76 16N 14,92 DGN1 NF NF NF NF NF
DEN! 14,75 13.05 11.26 | 20.05 17.74 15,30
Yakima, Washingt
North Bend, Oregon R 10 7 119 12 13
TWN! 1.1 20.8)  19.62 ] 21.87 21.26 20.04 DGN] 10 65 1038 223 12
DGN] 23.68 22.72 2).05| 24.18 23.21 21.5D
Pendleton, Oreyon " NF s Not Feasible.
TWN] 4.62  12.88 11,36 1831 16.13 14.22 TABLE §
DGN] 16,50 13,32 11.36 | 19.40 16.68 14.22
COSTS AND BENEFITS FOR ALTERNATIVE SYSTEMS
Portland, Oregon P
17,86 15.66 13.38 18.12 15.89 14.03 Fuel - Electric Resistance variable Cost # $16/¢1° Collector Are
DGNI 15,08 16.40 14,20 | 19.36 16.63 14.4)
Redmond, Oregon .
™ D195 171 16.05 | 2682 2208 20.10 totimal  CAMEOT e present  Paye
DGN! 20.89  '8.82  16.47 | 26.15 23.56 21.83 City/State Fraction (£t2) Costis)  vaiue(§:  (Yew
swem, Oregon TN 18.33  16.11  14.38 | 1B.60 16.34 14.59 '
N .3 6. 14.3 . 6.34 . Boise, ldanho
L. 17. ) . 17,38 14, TWN! .30 222 1854 1138 1
DGN1 19.69 7.09 14,75 | 19.87 17.3 9€ ] ¥ 222 e 1363 ]
Olympia Washington
TWN! 16,12 14.53  12.81( 14,33 12.91  11.38 Lewiston, Idaho . R \
DGNT 7N 18,02 12.8) ] 15,20 13,38 11.38 TWN] wF NE NI NF ‘
| DGN1 NF NF NF NF N
Seattle-Tacoma, Washington
™! | 1638 1488 12700 023 908 7.93 Pocatello, ldane . 250 st 1503 .
7. . . . . . R 0
DGN1 { 17.63 15,00 12.70 10.95  §.37  7.%3 ol 3 280 s178 Yot ]
Spokane, Washington
TWN! ] :3.59 11,95 10.43 ;z.to }o.?1 9.52 Astoria, OnoonMI 0 226 3522 790 .
4, . . . 5 . . 2
DGNI i 17 12,19 10.08 293 M2 9,20 na 3 ae AT et :
vaKina, Mashinor ! 16,31 14,23 12.401 15.25 1331 1159 0
N . . . . . Burms, Oregon “
DGNT , 17,29 W7z 12,400 1607 1376 L9 TN} .35 289 41,30 1747 1
| DGN1 .35 283 a2s 187 1
Medford, Oregon
TNI .15 108 1726 416 !
TABLE ¢ OGN "20 139 2223 636 }
COSTS AND BENEFITS FOR ALTERNATIVE SYSTEMS
2 North Bend, Oregon - ’
Fuel - Natural Gas variable Cost = $16/ft° Collector Area TWNI .50 n9 5 1622
DGN1 .50 299 4739 2035 \
Collector Yot Simple Pendieton, Onmx R 1§ 1843 3 1
Optime! Ares Tota! Present Payback DGN! 20 151 246 52¢ !
City/State Fraction (#t2) Cost($) value($)  (Years) '
Portland, Oregon .
Botse, ldaho wmx R0 109 1762 322 }
TWN1 *NF NF NF NF NF DGN1 .20 182 22¢5 484
DGN! NF NF NF NF NF
Redmond, Oregon R
Lewiston, ldaho ! wmx .50 405 8378 a3 ;
™I NF NF NF NF NF DGN] .40 295 477 48s
DGNI NF NF NF NF NF
Saiem, Oregon -
Pocatello, ldaho ® TWN] 18 107 175+ 387 }
TwN1 NF NF NF NE NF DGNI .20 140 2234 55¢
DGNI NF NF NF NF NF
0lympia, Washington
Astoria, Oregon yre TSN] NF NF NF NF :
TN .30 226 623 669 1 DGN1 NF NF NF NF
DGN1 .30 FE] 3 949 12
Seattle-Tacoms, Washington
Burns, Oregon TWN1 NF NF NF NP N
TWN] .38 289 4630 1684 12 DGNI NF NF NF NF ]
OGNI .35 283 4525 1814 n
Spokane, Washington
Medford, uregon rSm NF NE NF NF A
TWN] NF NF NF NF NF DGN] NF Nt NF NF h
DGN! NF NF NF NF NF
Waghington
Yekima. Was ! 10 ” 119 12 )

(Continued) DGN! 10 65 1038 15 3



